
Project Introduction

A fuller understanding of the Heliopause would require in-situ measurements
at various points in the Heliopause, which is impractical for current propulsion
methods and mission timelines. We will design a mission architecture that
makes this scenario realistic from both a cruise time and mission cost
perspective by using solar sail-enabled trajectories and designing a probe that
can be manufactured by industry. The Voyager Spacecraft have reached the
Heliopause and greatly improved our understanding of the region. This
journey took 35 years. A fuller understanding of the Heliopause would require
in-situ measurements at various points in the Heliopause, which is impractical
for current propulsion methods and mission timelines. Further, the solar
system plane is inclined above the galactic plane by ~60°, doubling the
science targets (six cardinal directions in both reference frames.) A total of
10-12 probes will be needed to explore the heliopause along both frames of
reference and truly understand the 3d structure of the region. We will design a
mission architecture that makes this scenario realistic from both a cruise time
and mission cost perspective by using solar sail-enabled trajectories and
designing a probe that can be manufactured by industry.

Anticipated Benefits

The Voyager program gives us tantalizing clues as to the nature and behavior
of the Heliopause--the boundary between the sun's influence and the
interstellar medium. This information comes from forty-year old instruments
designed to study the outer planets. A targeted Heliopause investigation would
give insight into the formation of the solar system, the role of the sun in the
local interstellar neighborhood, and contribute to human exploration planning
by helping to predict periods of low galactic cosmic ray penetration into the
inner solar system.
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Primary U.S. Work Locations and Key Partners

Organizations
Performing Work

Role Type Location

Jet Propulsion
Laboratory(JPL)

Lead
Organization

NASA
Center

Pasadena,
California

California Institute of
Technology(CalTech)

Supporting
Organization

Academia Pasadena,
California

Primary U.S. Work Locations

California

Project Transitions

September 2012: Project Start

Organizational
Responsibility
Responsible Mission
Directorate:

Space Technology Mission
Directorate (STMD)

Lead Center / Facility:

Jet Propulsion Laboratory (JPL)

Responsible Program:

NASA Innovative Advanced
Concepts

Project Management
Program Director:

Jason E Derleth

Program Manager:

Eric A Eberly

Principal Investigator:

Jeffrey P Nosanov

Technology Maturity
(TRL)

Applied
Research Development Demo & Test
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January 2015: Closed out

Closeout Summary: Our most distance spacecraft, Voyager 1 and Voyager 2, r
ecently reached the boundary of the solar system known as the Heliopause. Bey
ond this boundary lies interstellar space, and, at tremendous distance, the stars.
The Voyager spacecraft have shown us that the Heliopause is a dynamic, rapidly
changing environment, varying greatly as the fields and effects emanating from
the sun are met by a host of forces pushing in from our nearby galactic neighbor
hood. This is the region we aim to explore. Specifically we aim to develop a miss
ion architecture and spacecraft concept capable of reaching the Heliopause (~10
0 AU) region in multiple directions of interest, with a variety of scientific instrum
ent suites, within a reasonable timeframe (~15 years.) This report details our P
hase 1 work including science goal definition, trajectory planning, technology res
earch, mission planning, instrument selection, spacecraft design, and more. We
present an architecture employing a 250m x 250m solar sail with a 175 kg spac
ecraft. This spacecraft could carry a variety of instrument suites depending on t
he destination, time, and other factors. The spin-stabilized spacecraft would pow
ered by a small radioisotope power system (~20 watts), makes use of an optical
communication system, and carries 3 extensible booms for instrument accommo
dation as visible in the sketch and rendering below. We conclude that it would b
e reasonable to implement the architecture described herein in the 2020-2030 ti
meframe based on likely near-term technological and material advances. We are
confident that cruise times of ~15 years could be achieved to science-rich destin
ations. This report details the approach we used to come to these conclusions a
nd identifies some of the steps along the way. We utilized a variety of methodol
ogies involving our full capability at JPL - from small point studies to large collab
orative engineering processes. This paper also describes potential industry partn
erships and costing information, and includes the methods used to account for o
ur project's significant deviation from any prior mission in the NASA costing tool
database. Outreach and public engagement is an important part of NASA activiti
es. We engaged in several different forms of this outreach and describe them in
this report. We conclude with some open questions and a summary of activities
we hope to engage in with Phase 2 funding. The entire team would like to thank
the NIAC program for the opportunity to investigate this fascinating and challen
ging concept.

Technology Areas
Primary:

TX11 Software, Modeling,
Simulation, and Information
Processing

TX11.5 Mission
Architecture, Systems
Analysis and Concept
Development

TX11.5.1 Tools and
Methodologies for
Defining Mission
Architectures or Mission
Design

Target Destinations
Outside the Solar System,
Foundational Knowledge, Others
Inside the Solar System
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